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H3yMEHHE nOnyJlflU,HOHHO-rEHETHHECKHX B3AMMOOTHOWEHMfl 
B CHCTEME J1EIU—DIGRAMMA INTERRUPTA (PL.) 
(CESTODA: LIGULIDAE) 

H. A. EBJiaHOB, C. E. KoJlOKOJIbHHKOBa 

YcTaHOBJieHo, mto ocHOBHyio pojib b ((DyHKUHOHHpoBaHHH CHCTeMbi Jieux— D . interrupta HrpaiOT oco6h 
xo3HHHa, xapaKTepH3yiomHecH BbicoKon CTaOHJibHocTbio pa3BHTHH (a^). reTepo3HroTHbie jiemH 0Ka3a- 
jiHCbdojiee ycTOHMHBbiMH k AeHCTBHio njiepouepKOHAOB, qeM roM03HroTHbie oco6h. BbiHBJieHbi reHeTHMecKH 
AeTepMHHHpoBaHHbie ocoOchhocth npouecca 3apa>KeHHH Jiema ruiepouepKOH/iaMH D . interrupta . 

OjXHHM H3 OCHOBHbIX BOnpOCOB nonyJIHUHOHHOH 6hOJIOTHH napa3HTOB pbl6 HBJIH- 
eTCH H3yMeHne MexaHH3Ma peryjiHUHH B3aHMOOTHOuieHHH b cncTeMe napa3HT— 
X03HHH. 

Pan HCCJieaoBaTejieH (KeHHean, 1978; KopeH6epr, 1981; KoHTpHMaBHHyc, 1982, 
h jx p.) CMHTaioT, mto MHorne acneKTbi peryjiHUHH hhcjichhocth napa3HTOB MoryT 6biTb 
od'bHCHeHbi c no3HUHH nonyjiHUHOHHOH reHeTHKH h nonyJIHUHOHHOH skojiothh. 
O^HaKo Jiiodan npnpoaHaH nonyjiHUHH xo3HHHa xapaKTepn3yeTCH He TOJibKO Bbico- 
KHM ypOBHeM nOJ!HMOp(})H3Ma, HO H HaXO^HTCH nO JX nOCTOHHHbIM aeHCTBHeM OT6opa. 
no 3T0H npHHHHe B3>KH0 BbIHBHTb, 3a CHeT K3KHX TeHeTHHeCKH JJCTepMHHHpOBaHHblX 
oco6en ocymecTBjineTCH (pyHKUHOHnpoBaHne CHCTeMbi napa3HT— xo3hhh. 

Uejib HacTonmen pa6oTbi — paccMOTpeTb HeKOTopbie Bonpocbi nonyjiHUHOHHO- 
reHeTHHecKHx B3aHMOOTHomeHHH Ha npHMepe Jiem— Digramma interrupta , CKjiaabi- 
Baioui.HxcH no jx aencTBHeM OT6opa, npoHCxoanmero b stoh napa3HTapHon cncTeMe. 

MATEPMAJl M METOAMKA 

Pa6oTa BbinojiHeHa Ha njiepouepKonaax Digramma interrupta , KOTopbie uihpoko 
pacnpocTpaHeHbi y jiema KyMbimeBCKoro BoaoxpaHHJiHma. 

B oceHHHH nepnoa 1985 r. MeToaoM 3JieKTpoc})ope3a b nojinaKpHJiaMHjiHOM rejie 
(Maypep, 1971) npoBeaeHo H3yneHHe H30(f)epMeHT0B Kap6oaHrnapa3bi (p-Est-2) 
h MajiHK-3H3HM (Me) Jiema xax cBo6oaHoro, Tax h 3apa>KeHHoro njiepouepKoazmaMH 
D. interrupta. 

B nepnoa c hiohh no 0KTn6pb 1988 r. MeTO^OM Henojmoro napa3HTOJiorHHecKoro 
BCKpbITHH HCCJieaOBaHO 1917 3K3. Jiema H3 TpajlOBbIX H HeBO^HblX yjlOBOB. IXjlft 
aHaJiH3a B3aHMOOTHomeHHH b cncTeMe Jieux — D. interrupta ncnojib30BaH nonyjin- 
UHOHHO-4)eHeTHHecKHH Memn. y Jiemen b KanecTBe (peHOB Hcnojib30BajiH ocodeH- 
hocth nepcpopauHH napHbix KocTen nepena h HHCJia OTBepcTHH cencMOceHCopHon 
CHCTeMbi: F so — hhcjio OTBepcTHH Haarjia3HHHHoro KaHajia Ha jiodHbix kocthx; 
P so — hhcjio OTBepcTHH Ha£rjia3HHHHoro KaHajia Ha TeMeHHbix kocthx; P co — 
hhcjio OTBepcTHH Ha 3aTbiJiOHHOH KOMHecype; P oc — mhcjio OTBepcTHH npeonepKyjinp- 
hoto KaHajia Ha jieBOH h npaBOH npeaKpbiuiKax (Hkobjicb h jjp., 1981, 1988). 
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Ha OCHOBaHHH MaCTOT BCTpeMaeMOCTH OT^eJIbHblX (f)eHOB paCCMHTbIBaJIHCb: 
o6o6iueHHbiH noKa3aTejib BejiHHHHbi pa3Hoo6pa3HH cf)eHOB (p), aojih pezumx cf)eHOB 
(h) (>Khbotobckhh, 1982) h BejiHHHHa ypoBHH (f)JiyKTyHpyiomeH acHMMeTpHH 
(a^), KOTopan Mo>KeT paccMaTpHBaTbcn He KaK nepTa cf)eHOMeHOJiorHH onpeztejieH- 
hoto reHa, a KaK xapaKTepHCTHKa Mepbi CTadnjibHocTH pa3BHTHH Been CHCTeMbi opra- 
HH3Ma (3axapoB, 1987; Mather, 1953; Goldschmidt, 1955; Reeve, 1960, h zip.). 


PE3yjlbTATbI 

OCHOBOH H3yneHHH nonyjIHUHOHHO-reHeTHHeCKHX B3aHMOOTHOIHeHHH B CHCTeMe 
napa3 HT—xo3hhh ABJineTcn HCCJieztOBaHHe ahhbmhkh nocTynjieHHH h BbiBozta napa- 
3HTOB H3 nonyJIHUHH X03HHHa. OcodeHHOCTbK) 3T0T0 npopeCCa JXJin CHCTeMbi Jiem— 
D. interrupta HBJineTCH to, hto njiepouepKonztbi He MoryT caMocTOHTejibHo noKHZtaTb 
OpraHH3M X03HHHa. 

ZlaHHbie, xapaKTepH3yiomHe BCTpenaeMocTb h HHCJieHHocTb pacnpeztejieHHH 
njiepouepKOHAOB D. interrupta b nonyjmuHH Jieipa, npeztCTaBJieHbi b Tadji. 1. H3 Hee 
cjieztyeT, hto njiepouepKOHAbi HanHHaioT BCTpenaTbcn y Jiema npn ztocTH>KeHHH 
hm pa3MepoB Tejia 6ojiee 100 mm, a pbidbi 6oJibuie 370 mm CBodoztHbi ot napa3HTOB. 
llocTynjieHHe njiepouepKonztOB b nonyjinuHio xo3HHHa 3aKaHHHBaeTcn npn ztocTH>Ke- 
hhh pbidaMH A^iHHbi 190 mm, TaK KaK y 6ojiee KpynHbix ocodeft yMeHbmaeTCH 
3HaHeHHe noKa3aTejieft skctchcmbhocth 3apa>KeHHH h HHZteKca o6hjihh napa3HTOB. 

OieztyeT oTMeTHTb, hto Jiem HHBa3HpyeTcn pa3JiHHHbiM KozinnecTBOM njiepouep- 
koh^ob, npnneM oTMenaeTCH onpeAejieHHan AHHaMHKa b hx KOJiHnecTBeHHOM pac- 
npezieJieHHH (Ta6ji. 1). 

H3yqeHHe H30({)epMeHTOB Ma«/iHK-3H3HM (Me) h Kap6oaHrHZtpa3bi (|3-Est-2) 
noKa3aJio pa3JiHHHyio nacroTy 3apa>KeHHOCTH roM03HroTHbix h reTepo3nroTHbix 
oco6en jiema (Tafiji. 2). IloAodHbie pe3yjibTaTbi 6biJiH noJiyneHbi pnztOM aBTopoB. 
TaK,Me>K>KepHH (1985) npn H3yneHHH reHOTnnHHecKOH odycjioBJieHHOCTH 3apa>Ke- 
hhh ceroJieTKOB h rozioBHKOB Kapna uecTOAOH Bothriocephalus opsariichthydis ycTa- 
hobhji, hto reTepo3HroTHbie no TpaHC(})eppHHy oco6h 3apa>KeHbi Bbirne, neM tomo- 
3HTOTHbie. 

3th MaTepnajibi CBHzteTejibCTByiOT o tom, hto 6oJiee BbicoKan 3apa>KeHH0CTb 
reTepo3nroTHbix ocoOeft HBJineTCH HecjiynaHHbiM HBJieHHeM. 


T a 6 ji h u a 1 

PacnpeAejieHHe njiepouepKOHAOB D. interrupta b nonyjinuHH jiema 

Parameters of distribution of D. interrupta pleurocercoids 
in the population of bream 


ZU iHHa 

pbib, B MM 

E 

J 

M 

BcTpeqaeMOCTb KOJinnecTBa 
napa3HTOB, b % 

N 

1 

2 

3 

4 

70—100 

0 

0 

0 

0 

0 

0 

0 

178 

101 — 130 

20.0 

1—2 

0.199 

93.1 

6.9 

0 

0 

216 

131 — 160 

33.0 

1—3 

0.330 

80.5 

15.0 

4.5 

0 

200 

161 — 190 

48.4 

1—4 

0.482 

52.7 

30.3 

12.6 

4.4 

280 

191—220 

29.4 

1—4 

0.292 

70.4 

20.2 

7.2 

2.2 

250 

221—250 

25.0 

1—3 

0.247 

79.4 

15.2 

5.4 

0 

198 

281—310 

10.0 

1—2 

0.100 

91.7 

8.3 

0 

0 

120 

311—340 

8.7 

1 

0.087 

100.0 

0 

0 

0 

115 

341—370 

3.0 

1 

0.010 

100.0 

0 

0 

0 

100 

>370 

0 

0 

0 

0 

0 

0 

0 

70 


npHMeiaHHe. 3Aecb h b Tabji. 2: E — SKCTeHCHBHOCTb 3 apa>KeHHH, b %; 
J — HHTeHCHBHOCTb 3 apa>KeHHH, b liit.; M — HH^exc o6hjihh napa3HTOB, B IUT.; 
N — qncjio HCCJieAOBaHHbix pbib, b uit. 
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T a 6 ji h u a 2 

BcTpeqaeMOCTb ruiepouepKOHAOB D. interrupta b nonyjiHUHH jieiua 
C pa3JIHHHbIM reHOTHnoM 

Occurence of D. interrupta pleurocercoids in the population of bream 
with different genotype 


TeHOTHn X03HHH3 

E 

I 

X+m x 

N 

r0M03Hr0THbie 

26.5-1-0.6 

1—4 

212.6+18.1 

150 

reTep03HroTHbie 

41.9-1-0.9 

1—4 

240.1+38.6 

150 


npHMenaHHe. X — cpeziHHH jumna H3yqeHHbix pbi6. 


Hcnojib30BaHHe nonyjiHUHOHHo-(})eHeTHHecKoro Memaa no3BOJiHJio BbiHBHTb p hr 
HHTepecHbix ocodeHHocTen, CKJia^biBaiomHxcH b CHCTeMe napa3 HT—xo3hhh 
c MOMeHTa nocTynjieHHH njiepouepKon^oB D. interrupta b nonyjinuHio xo3HHHa 
(Tafiji. 3). 

B npouecce nocTynjieHHH njiepouepKOH^OB mo>kho BbmejiHTb £Ba STana 
(Ta6ji. 3). B nepByio onepe^b nponcxo^HT 3apa>KeHHe oco6en Jiema, xapaKTepH3yio- 
mHXCH HaH6oJIbUieH CTa6HJlbHOCTbIO pa3BHTHH (HH3KOe 3Ha<4eHHe a 2 ), MeHblilHM 
(J^eHeTHMecKHM pa3Hoo6pa3neM (p) h 6ojiee bhcokhm noKa3aTejieM aojih pe^KHX 
c})eHOB. Cpe^H pbi6, HMeiomHx pa3Mepbi Tejia 160 mm h 6ojiee, HHBa3HpoBaHHbiMH 
OKa3bIBaK)TCH 0C06 h C HaHMeHbllieH CTadHJlbHOCTblO pa3BHTHH (BbICOKOe 3HaqeHHe 
a 2 ). MaTepnajibi Ta6ji. 3 CBH^eTejibCTByioT o tom, hto c yBejiHHeHHeM jxjwhu Tejia 
pbi6 Ha6jHOAaeTCH yMeHbmeHHe 3HaqeHHH BejiHHHHbi cj^JiyKTynpyioLueH acHMMeTpHH 
KaK y 3apa>KeHHbix, TaK h CBo6o^Hbix ot napa3HTa pbi6. 3 to noKa3biBaeT, hto 
£ 0 CTapniHx pa3MepHbix rpynn MoryT £0>KHBaTb oco6h Jiema, KOTOpbie xoTb h 3apa- 
>KeHbi njiepouepKOH^aMH, ho OKa3ajiHCb 6ojiee ycTOHHHBbiMH k ^ohctbhio napa3HTa. 
CymecTBOBaHHe pa3JiHHHOH ycTOHHH booth Jiema k ^eHCTBHio njiepouepKOH^OB 
D. interrupta no^TBep>K^aeTCH MaTepnajiaMH Ta6ji. 4. 

Jlemn, HHBa3HpOBaHHbie TpeMH h jtByMH njiepouepKOHAaMH D. interrupta , 
xapaKTepH3yioTCH HaH6ojibmeH CTadnJibHocTbio pa3BHTHH. H3 SKcnepHMeHTaJibHbix 

pa6oT (JIoKuiHHa, 1987; Me>K>KepHH, 1988a, 19886; Leary e. a., 1983, h jxp.) 
H3BecTH0, HeM Bbiuie reTepo3HroTHocTb opraHH3Ma, TeM HH>Ke noKa3aTejib cjx/iyKTyn- 
pyiomeft acHMMeTpHH (o^), t. e. Bbiuie CTa6njibH0CTb HH^HBH^yajibHoro pa3BHTHH. 
TaKHM o6pa3QM, MaTepnajibi Ta6ji. 4 cBH^eTejibCTByioT o tom, hto reTepo3HroTHbie 


T a6jiHua 3 

3HaueHHe noKa3aTejien a*, p, h y Jiema, cBodo/moro h 3apa>KeHHoro 
njiepouepKOHAaMH D. interrupta 


Values of indices aj, p, h in bream infected and non-infected 
with D. interrupta pleurocercoids 


ZtjIHHa pbl6, B MM 

EIoKa3aTejiH 

<*d 

1 

P 

h 


4.44 

6.67+0.17 

0.12+0.08 

101 — 160 





12.25 

10.62+0.25 

0.11+0.08 

161—220 

11.86 

7.75+0.20 

0.11+0.04 

8.61 

6.87+0.24 

0.12+0.03 

221—280 

9.42 

8.03+0.18 

0.21+0.07 

5.25 

5.02+0.26 

0.24+0.02 

281—360 

5.42 

7.94+0.24 

0.17+0.01 


3.63 

5.03+0.24 

0.24+0.04 


FI p h m e q a h h e. B MHCJiHTejie noKa3aTejiH HHBa3HpoBaHHbix, b 3HaMe- 
HaTejie — CBo6o/i,Hbix ot napa3HTOB ocodeft. 
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T a 6 ji h u a 4 

3 HaqeHne noKa 3 aTejien aj, p, h y Jiemeu, HHBa 3 npoBaHHbix pa 3 JiHHHbiM 
KOJinqecTBOM iuiepopepKOHAOB D. interrupta 


Values of indices a;j p, h in breams infected with different amounts 
of D. interrupta pleurocercoids 


KojIHMeCTBO 

FIoKa 3 aTejiH 

njiepouepKOHAOB 

<*d 

P 

h 

1 

9.63 

9.16-4-0.21 

0.283-1-0.02 

2 

2.01 

5.95-1-0.22 

0.124-1-0.03 

3 

0.61 

2.91-4-0.11 

0.031-1-0.01 


oco6h 6oJiee ycTOHHHBbi k hhb33hh h b MeHbmeH CTeneHH sjiHMHHnpyiOTCH H3 
nonyjiHUHH BCJieACTBHe nopa>KeHHH iuiepouepKonxiaMH. B npoTHBHOM cjiyqae reTe- 
po3HroTHbie oco6h Jiema spnjx jih 6biJiH 6bi 3apa>KeHbi cnjibHee, neM roM03HroTHbie 
(Ta6ji. 2). 

Ha ocHOBaHHH npoBeAeHHbix Ha mh HccjiextOBaHHH mo>kho npeACTaBHTb peryjin- 
UHio nonyjiHUHOHHO-reHeTHnecKHx B3aHMOOTHOLueHHH b CHCTeMe Jiem— D . interrupta 
cjieAyiomHM o6pa30M. 

Jlem KyndbimeBCKoro BOAOxpaHHJiHma xapaKTepH3yeTcn onpeAejieHHbiM 
ypOBHeM nOJIHMOp(|)H3Ma, 06yCJI0BJIHBai0mHM pa3JIHMHbIH ypOBeHb aAanTHBHbIX B03- 
MO>KHOCTeH. B nonyJIHUHH Jiema npOHCXO^HT HHTeHCHBHblH OT6op, KOTOpblH HanpaB- 
jieH Ha coxpaHeHne oco6en, HMeiOLunx Handojibrnyio CTa6nJibH0CTb pa3BHTHH 
(Ta6ji. 5). Oco6o cjiejxyer oTMeTHTb, hto HaH6ojibmaH ajiHMHHauHH oTMenaeTcn 

JX o B03pacTa HacTynjieHHH MaccoBOH nojic>B03pejiocTH (2-| - 4+ , t. e. b nepno/i, 

Kor/ta npoHexoAHT Han6ojiee HHTeHCHBHoe nocTynjieHHe napa3HTOB D . interrupta 
B nOnyJIHUHIO X03HHH3. 

npH AOCTH>KeHHH jiemoM pa3MepoB 6ojiee 100 mm OTMenaeTcn Haqajio 3apa>Ke- 
hhh ero njiepouepKOHAaMH D . interrupta , hto cbh33ho c nHTaHHeM. B nnmeBOM 
pauHOHe Jiema HanHHaiOT npeodJiajtaTb Koneno/tbi, HBJiniomHecH npoMe>KyToqHbiM 
xo3hhhom b uHKJie pa3BHTHH napa3HTa. B nepByio onepe/tb njiepouepKOH/taMH 
D . interrupta 3apa>KaiOTCH oco6h, KOTopbie xapaKTepn3yiOTCH HaH6ojibineH CTa6njib- 
HocTbio pa3BHTHH (HH3Koe 3HaneHne o 2 d ) (ra6j\. 3). BepoHTHo, 3to oOycjioBjieHO 
TeM, hto TaKne oco6h paHbrne nepexo/tHT Ha nHTaHHe Koneno/taMH, nocKOJibKy TeMn 
pocTa reTepo3nroTHbix opraHH3MOB Bbime, neM roM03HroTHbix (rojiyOuoB, 1988). 
B AajibHeHmeM, Kor/ta bch nonyjinuHH jiema nepexo/tHT Ha nHTaHHe Koneno^aMH, 
npoHcxo^HT 3apa>KeHne oco6en, xapaKTepH3yiomHxcH hh3koh cTaOnjibHocTbio pa3- 
bhthh (BbicoKoe 3HaneHHe a^) (Ta6ji. 3). O^HaKo Tanne oco6h MeHee ycTOHHHBbi 
k AencTBHio njiepouepKOHAOB D . interrupta h ajiHMHHnpyiOTCH b nepByio onepe/tb. 


Ta 6 ji Hqa 5 

Bo 3 pacTHan H 3 MeHqHBOCTb noKa 3 aTejien p, h b nonyjiHUHH jiema 


Age variability of indices p, h in the population of bream 


Bo3pacT 

FIoKa3aTejiH 

a d 

P 

h 

2+ 

13.22 

16.18+0.20 

0.119-1-0.02 

3+ 

12.48 

14.ll-h0.18 

0.124-1-0.02 

4+ 

9.40 

11.85±0.25 

0.164-1-0.02 

5+ 

4.79 

9.75H-0.24 

0.210-4-0.01 

6+ 

4.02 

8.40+0.25 

0.231-4-0.02 

7+ 

3.75 

7.45H-0.21 

0.2404-0.02 

8+ 

3.35 

7.35-h0.19 

0.248-1-0.02 

9+ 

2.03 

6.14-4-0.31 

0.252-4-0.03 

10+ 

1.25 

5.82-hO. 18 

0.270-1-0.02 
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Flo 3 toh npHMHHe 3apa>KeHHocTb reTepo3HroTHbix oco6en Jiema 0Ka3biBaeTcn Bbirne, 
neM roM03HroTHbix 2). Jlem, xapaKTepH3yiOLUHHCH bhcokoh CTa6njibHocTbio 

pa3BHTHH, MO>KeT 6bITb HOCHTeJieM ABOHHOH, TpOHHOH HHB33HH (Ta6jl. 4), TaK KaK 
3 th oco 6 h 6ojiee ycTOHHHBbi k AencTBHK) njiepouepKOHAOB. roM03HroTHbie oco 6 h 
jieiua TaK>Ke MoryT 6biTb HOCHTejiHMH MHO>KecTBeHHOH HHBa3HH, ho ohh, no Been 

BH^HMOCTH, SJIHMHHHpyiOTCfl paHbUie. 

npoBe^eHHoe H3yneHHe nonyjiHUHOHHO-reHeTHHecKHx B3aHMOOTHomeHHH b chc- 
TeMe jieu;— D. interrupta no3BOJineT roBopHTb, hto ycnemHoe cytuecTBOBaHHe 
3TOH CHCTeMbI OCymeCTBJIHeTCH B OCHOBHOM 3a CHeT OCO6efi X03HHHa, XapaKTepH3yiO- 
LUHXCH BbICOKOH CTa6HJlbHOCTbIO pa3BHTHfl. TaKHe 0C06 h Jiema o6ecneHHBaiOT 
ycTOHHHBoe h jyiHTejibHoe cymecTBOBaHHe stoh napa3HTapHOH CHCTeMbi. 

Oco 6 h Jiema C OnpeAeJieHHbIMH OTKJIOHeHHHMH B CTa6HJIbHOCTH pa3BHTHfl (BblCO- 
Koe 3HaqeHHe a 2 ) MoryT 3JiHMHHHpoBaTbcn paHbrne, neM ycTOHHHBbie k 3apa>KeHHio 
oco 6 h. CooTBeTCTBeHHO napa3HT MO>KeT He ycneTb 3aBepuiHTb HeoSxoAHMbifi 3Tan 
pa3BHTHH. 

Bojiee BbicoxaH 3JiHMHHauHH 3apa>KeHHbix roM03HroTHbix oco6en npHBO^HT 
b KOHeqHOM HTore k TOMy, hto c onpeAejieHHoro MOMeHTa b npapo^e cpe/m HHBa3H- 
poBaHHbix pbi6 HaHHHaiOT name BCTpenaTbcn ycTOHHHBbie k ^eHCTBHio napa3HTa 
reTepo3HroTHbie oco 6 h (Ta6ji. 2 ). Hmchho ohh, no Been BeponTHOCTH, nrpaiOT 
ocHOBHyio pojib b coxpaHeHHH CHCTeMbi Jiem— D. interrupta Ha nonyjinuHOHHOM 
ypoBHe. 

npoBeAeHHbin nonyjiHUHOHHO-reHeTHnecKHH aHajiH3 noKa3aji Heo6xoAHMocTb 
3HaHHH reHeTHqecKOH CTpyKTypbi nonyjinuHH xo3HHHa jxjin npaBHjibHoro noHHMaHHH 
0 C 06 eHH 0 CTeH (fiyHKUHOHHpOBaHHH H H3yneHHH napa3HTapHOH CHCTeMbi. 1 
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STUDY OF POPULATION-GENETIC RELATIONSHIPS IN THE BREAM—DIGRAMMA 
INTERRUPTA (PL.) SYSTEM (CESTODA, LIGULIDAE) 

I. A. Evlanov, S. E. Kolokolnikova 
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SUMMARY 

It was established that host individuals, characterized by a high stability of development, play 
the main part in the functioning of bream — D. interrupta system. Heterozygous breams turned out to 
be more stable to the effect of pleurocercoids than homozygous ones. Genetically determined characters 
of bream infection with pleurocercoids of D. interrupta have been revealed. Mechanism of population- 
genetic relationships in this parasitic system is discussed. 



